In this pilot study, we sought to assess the efficacy of a rolling walker with a laser beam visual cue to treat FOG in PD patients. We recruited 22 subjects with idiopathic PD who experienced on-and off-medication FOG. Subjects performed three walking tasks both with and without the laser beam while on medications. Outcome measures included time to complete tasks, number of steps, and number of FOG episodes. A crossover design allowed within-group comparisons between the two conditions. No significant differences were observed between the two walking conditions across the three tasks. The laser beam, when applied as a visual cue on a rolling walker, did not diminish FOG in this study.
INTRODUCTION

Freezing of gait (FOG) is a disabling phenomenon that affects anywhere from 30 to 60 percent of individuals with
Parkinson disease (PD) in cross-sectional studies [1] [2] [3] . It leads to impaired mobility, falls, and compromised activities of daily living and quality of life [4] [5] [6] . Although FOG improves with dopaminergic therapy in many patients, as motor fluctuations emerge, FOG becomes increasingly frequent and the response to therapy can wane [7] . Furthermore, many patients never experience relief of their FOG with dopaminergic therapy despite response of other motor symptoms, indicating that the pathophysiology underlying this symptom is not limited to the dopaminergic motor loop. Additionally, FOG is often provoked by certain environments or situations, such as initiating gait, navigating doorways and other narrow spaces, turning, and approaching a destination, implying the additional involvement of sensory systems. Despite FOG's prominence among the disabling symptoms of advancing PD, no interventions have been clearly proven to reduce on-medication FOG.
Further supporting the role of diverse and nondopaminergic circuitry in the mechanism of FOG, visual and auditory cueing strategies have been reported to ameliorate FOG and other gait deficits in patients with PD [8] [9] [10] [11] [12] . High-contrast, transverse line visual cues on the floor have been found to improve stride length and velocity, among other measures, in patients with PD in several trials, one of which also demonstrated reduced FOG episodes [11, [13] [14] [15] [16] [17] [18] . Another of these trials demonstrated similar benefits with a laser beam visual cue [15] . A recent trial conducted by Donovan et al. used both a laser light cane and walker in a crossover study [19] . A modest but significant improvement in the primary outcome, the Freezing of Gait Questionnaire (FOGQ), was observed with use of the laser light cue.
Similar to this recent study, we studied the U-Step rolling walker (In-Step Mobility Products, Inc; Skokie, Illinois), which also uses a laser light beam activated by the patient as a visual cue to break FOG in patients who have FOG in both the on-and off-medication states. To assess for FOG episodes objectively, we used an obstacle course incorporating the previously listed environmental and situational features known to provoke FOG to measure primary outcomes and recorded both time to completion and number of FOG episodes. Given the above data regarding visual cues, we hypothesized that use of the laser light beam with appropriate instruction would reduce FOG during three walking tasks in comparison with a rolling walker alone.
METHODS
Participants
A convenience sample of 22 subjects was recruited consecutively over 1 year from the Parkinson's Disease Research, Education, and Clinical Center (PADRECC) at the Philadelphia Department of Veterans Affairs (VA) Medical Center. Subjects who experienced FOG were referred to study personnel by their PADRECC clinician. Inclusion criteria were the following: idiopathic PD confirmed by a movement disorders neurologist; a MiniMental Status Examination (MMSE) [20] score 24 to ensure competence to participate in informed consent and the ability to learn procedurally the use of the rolling walker with laser beam; functional visual acuity for recognizing the laser beam on the rolling walker; FOG in both on-and off-medication states, as indicated by a score of 2 on Item 14 of the Unified Parkinson's Disease Rating Scale (UPDRS) and/or 1 on Item 3 of the FOGQ [21] [22] ; and ability to ambulate for at least household distances with or without an assistive device, as indicated by scoring 0, 1, or 2 on Items 15 and 29 of the UPDRS.
Equipment
A four-wheeled rolling walker with a horizontal red laser beam at ankle level (U-Step LaserLite) was used. The laser beam was triggered by an on/off button on the right handle of the rolling walker. The walker was equipped with reverse brakes, requiring the subject to squeeze the hand brake to walk and release the hand brake to stop.
Procedures
Patients were screened for FOG and study eligibility via medical record review or history and physical examination at initial visits. They were advised to take their dopaminergic medications 1 hour before their study appointment, allowing the testing to occur in the on-medication state to optimize motor control and reduce fatigue. However, if the study subjects progressed to the off-medication state during testing, they were instructed to take their next dose of medications and testing was resumed when the on-medication state was reached. Thus, all patients were tested in the onmedication state, controlling for any dopaminergic therapy effects on FOG. Participants were rated by investigators using the UPDRS, Hoehn & Yahr Scale [23] , Schwab & England Activities of Daily living Scale, MMSE, and FOGQ, as summarized in Table 1 .
Participants were trained in the use of the rolling walker with the laser beam before testing to minimize practice effects. When episodes of FOG occurred, study subjects were instructed to press the on/off button to initiate the laser beam, look down, and step over the laser beam to re-initiate gait while concurrently squeezing the hand brake release. Once the FOG episode was aborted, subjects were instructed to turn off the laser beam. Training involved practicing with the rolling walker after instruction on its use until the subject was comfortable using the walker and then completing the three walking tasks (described subsequently) at a relaxed pace and without measurement of outcome measures. After completion of training, subjects rested for a few minutes before beginning the walking tasks with outcome measure to minimize the effects of fatigue. Patients were then asked to complete three walking tasks both without the light beam (Trial A) and with the light beam (Trial B). Subjects were randomized to perform either Trial A or Trial B first in order to control for fatigue and practice effects. No coaching was provided by study staff during the walking tasks. The trials took place in the PADRECC using a 7.75 ft-wide, 70 ft-long hallway and six examination rooms, within which patients had 12 ft of walking distance to be covered in a cul-de-sac fashion. The three walking tasks contained environmental stimuli known to provoke FOG. The most simple task involved walking down a wide hallway and turning to sit in the chair ("Straight"; Table 2 ); the second, more complex task involved initiation in the hallway, consecutively entering and exiting six examination rooms, and ending by sitting in a chair in the hallway ("Rooms"; Table 2 ); and the third task involved walking down a hallway with cones, having to stop and restart at each cone ("Cones"; Table 2 ).
All subjects were videotaped to validate the FOG episodes and the blinded rater's observed measures. Three outcome measures were observed and recorded during each task: total time to complete, number of FOG episodes, and number of steps taken during each walking task. We hypothesized that the mean completion time, mean number of FOG episodes, and mean number of steps would be reduced in the trials with the laser beam. 
Statistical Analysis
Baseline characteristics of subgroups were compared using Mann-Whitney rank-sum tests to determine statistically significant differences. Differences between the trials with and without laser light were assessed using the Wilcoxon signed-rank test, given the small sample size and non-normal distribution of data. A significance threshold of 0.05 was used.
RESULTS
Of 109 subjects screened, 22 met the inclusion criteria and were willing to participate. Excluded participants were those who were too frail to complete the walking tasks (n = 19); those who were too cognitively impaired to learn the procedures (n = 24); and those who were eligible but did not want to participate (n = 44), most of whom were deterred by the inconvenience of travel. All patients were male, and their baseline characteristics are summarized in Table 1 . Only 3 of the 22 participants had been issued a rolling walker before their participation in this study. During the study, 17 of the 22 participants experienced on-medication FOG, while 5 did not. These 5 subjects were excluded from the final analysis, because the effect of the intervention depended on the occurrence of FOG. Descriptive characteristics of the entire cohort, the final cohort of 17 subjects, and the excluded subjects were similar and are summarized in Table 1 . The results, as summarized in Table 2 , are based on the performances of the 17 subjects who did demonstrate FOG. No significant differences in the three performance measures were observed between the two study conditions, with and without laser light.
DISCUSSION
This study did not demonstrate a beneficial effect of the red laser beam visual cue on FOG. Despite efforts to objectively assess outcomes and control for confounders such as medication regimens, fatigue, and learning using a crossover design, this study demonstrates many limitations and pitfalls that exist when studying FOG, and these may prove instructive for future investigators.
Our choice to use objective gait measures as outcomes, rather than a subjective measure such as the FOGQ, ensured uniform conditions and freedom from recall bias. However, despite endorsing FOG, only 17 of our 22 subjects demonstrated FOG during the walking tasks, making it impossible to detect any effects of the laser light beam in nearly a quarter of our cohort. Furthermore, the variability in our subjects' performance during the tasks, whether with the laser beam or without, was greater than we anticipated, further reducing our study's power. This may have been partially due to motor fluctuations that occurred despite our efforts to ensure that patients were in the on-medication state during testing. This variability, along with the small sample size and the lack of FOG in a quarter of our cohort, may have contributed to the null results. Similar difficulties in studying FOG in the on-medication state have been encountered by other investigators, mainly because of the unpredictability of FOG despite provocative environmental conditions [24] . Nieuwboer et al. studied various cueing strategies on turn speed in 60 reported freezers, but only 8 subjects actually froze during the complex turning task [25] . Although testing patients in the off-medication state would have increased the rate of FOG in our study, this was precluded by the severity of gait impairment while off medications and would have been less clinically relevant. Of note, a recently published study by Donovan et al. used the FOGQ as the primary outcome measure and demonstrated a modest but significant reduction of FOG in 26 patients using the U-Step cane or walker equipped with a laser light beam [19] . An objective secondary outcome measure-a timed gait test involving walking 20 ft, going through a doorway, turning, and walking back another 20 ft-did not improve. Whether this discrepancy is due to insensitivity of objective measures or recall bias of subjective measures is unclear.
Despite these limitations of our methods, our negative findings are consistent with a few other clinical trials of visual cueing strategies for FOG. Kompoliti et al. found that on-medication FOG in PD subjects was inconsistently responsive to an inverted walking stick with a perpendicular ankle-level outrigger and a laser beam that projected onto the floor [26] . Cubo et al. found that in PD patients in the on-medication state, both standard and wheeled walkers significantly slowed walking speed, standard walkers induced significantly more FOG, and rolling walkers with a laser beam did not influence FOG [27] . In their investigation using an inverted walking stick to interrupt FOG, Dietz et al. reported that only two of the eight subjects had an improved walking time and decreased number of FOG episodes, while the study group as a whole had a significantly increased walking time and number of FOG episodes [9] . Thus, the authors proposed that a certain subgroup of PD individuals may benefit from visual cueing.
In contrast to the studies above, there are several reports of successful reduction of FOG with visual cues. Improved gait in PD in response to visual cues was demonstrated as early as 1967 and has been replicated since [14] . Azulay et al. demonstrated that parallel lines on the walking surface increased stride length and gait velocity in 16 PD patients [14] . Similarly, in a trial of 14 patients with PD and 14 controls conducted by Lewis et al., two different visual cues were both associated with improvements of stride length and velocity in PD patients compared with control subjects: transverse white lines on the floor and two red laser beam lines continually projected onto the floor one stride length apart [15] . Jiang and Norman reported 14 patients with PD, 7 with FOG, who demonstrated increased first and second stride lengths, greater push-off force, and higher velocity with highcontrast transverse line visual cues on the floor [11] . Applying these observations to FOG specifically, Lee et al. recently published a trial in which white stripes on the floor significantly increased velocity and stride length and decreased cadence and freezing episodes in PD patients with FOG [16] . Dunne et al. reported on three PD subjects who were extensively trained in the use of a visual cue to break freezing and whose FOG was thereafter effectively aborted using an upturned walking stick [10] . Perhaps more thorough training with visual cues than was done in our study is needed to observe benefits.
An important feature of the interventions used in the above studies, as opposed to the current study, is that subjects were not required to activate the visual cue. The concurrent use of the assistive device and the activation of the laser beam represents a dual task that is more demanding of attentional resources than when walking unassisted or with an assistive device alone. Such dual tasks have consistently been demonstrated to worsen gait parameters in PD patients [28] [29] [30] . This phenomenon may have been particularly important in our study because most subjects were using a walker for the first time, and they may have been stopping in anticipation of FOG to activate the laser beam. The use of transverse lines on the floor, while less translatable to subjects' daily lives than the U-Step walker, avoids this phenomenon. Perhaps the continual projection of the beam, as used by Donovan et al. [19] , or of two laser beams one stride length apart, as employed by Lewis et al. [15] , would reduce dual tasking and thereby improve efficacy. Also intriguing are the results of a pilot study of seven patients by Bryant et al., who showed that compared with no light beam, use of a green light beam but not a red light beam improved FOG in patients off medication. [31] . Patients on medication did improve with the red light beam, but not as much as with the green light. Whereas the transverse lines used in most of the justdescribed studies were white, the laser beams, which have had less effect, have been red; more studies are needed to clarify the role of color in visual cueing.
Several limitations to studying interventions for FOG have been illustrated by this study and can inform future studies on this disabling symptom of PD. Such studies should consider minimizing dual tasking by using continuous visual stimuli; ensuring adequate training with visual cues and assistive devices; testing various colors of laser beams; and collecting data regarding other features of the subjects' disease, with the goal of characterizing any subgroup that may respond. In the meantime, because the evidence from other studies suggests that some patients do respond, the use of devices with visual cues should not be abandoned and should be assessed on an individual basis.
CONCLUSIONS
In this study, the use of a laser beam on a rolling walker did not reduce FOG in a cohort of male PD patients. Future studies should consider including duration of FOG episodes among objective outcome measures, minimizing dual tasking, ensuring adequate training with cues and devices, and identifying potential subgroups of patients who are more likely to benefit.
